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[57] ABSTRACT

A receiving cavity having a simple geometrical shape 1s
machined in a metallic block having a simple geometrical
shape made of a first metallic material. A member made of
the second material 1s made and fixed nto the cavity to
produce a composite bimetallic block, and the turbine blade
1s machined from the composite block, the body of the blade
being machined from the metallic block made of the first
material and the insert beimng machined from the member of
simple shape made of the second material. The member
made of the second material can be prefabricated and
welded 1nto the cavity of made by depositing and solidifying
a molten metal 1 the cavity. The invention applies 1n
particular to manufacturing a blade of a low-pressure stage
of a steam turbine.

13 Claims, 3 Drawing Sheets
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METHOD OF MANUFACTURING A
BIMETALLIC TURBINE BLADE AND USE
THEREOF

FIELD OF THE INVENTION

The 1nvention concerns a method of manufacturing a
bimetallic turbine blade, and in particular a steam turbine
blade intended for the low-pressure stage of the steam
turbine.

BACKGROUND OF THE INVENTION

Rotating machines such as steam turbines have profiled
blades mounted on fixed or rotating parts of the machines
that come 1nto contact with a fluid flowing through the
machine at very high speed when the machine is operating.

The blades of rotating machines have a leading edge
facing towards the flow of the fluid impinging on the blades
of the machine and a trailing edge towards the rear of the
blade with reference to the direction of flow of the fluid.

In some cases, the blade of the rotating machine 1s heavily
eroded by the fluid flowing 1n the vicinity of 1ts leading edge.

In particular, in steam turbines, the blades of the final
stage or stages of the turbine, 1.¢., the low-pressure stages,
are subject to heavy erosion 1n the vicinity of their leading
cdge because the steam then has a high moisture content and
conveys droplets of water that impact on the leading edge of
the blade. The contact of the water droplets with the leading
cdge of the blade produces a phenomenon of erosion that
causes loss of metal from the blade 1n a portion near its
leading edge. After steam turbines have been operating for
some time, a lack of balance of the rotor assembly can result
from asymmetric wear of the blades of the rotor of the
low-pressure stages of the turbines. This imbalance encour-
ages vibrations leading to repetitive stresses on the rotor
which can become dangerous and cause the rotor to break
up.

If such vibrations are observed, it 1s essential to stop the
turbine and therefore the installation including the turbine.

Very high operating losses can result from this stoppage
in vast 1nstallations such as nuclear or thermal power
stations.

The rotor blades that have been damaged must be repaired
or replaced, and this can be a lengthy and costly operation.

To limit erosion of the leading edges of the blades of
rotating machines, and 1n particular of turbine blades, 1t has
been proposed to apply an anti-wear coating to a portion of
the outer part of the blade near its leading edge and over a
fraction of the length of the leading edge, referred to the
radial direction of the rotating machine.

Such coating or surfacing, which must be effective at a
high temperature on the blade when machined to its finished
state, can degrade the mechanical properties of the metal
constituting the blade or lead to deformation of the blade due
to thermal stresses occurring during high temperature coat-
ing.

It has therefore been proposed, m particular in U.S. Pat.
No. 5,351,395, to protect a turbine blade against wear 1n the
vicinity of 1ts leading edge by attaching in the area of the
leading edge, and welding to the body of the blade, an insert
made of a hard material that is resistant to wear or of a
material that 1s hardened by heat treatment differently than
the material constituting the body of the turbine blade. The
blade reinforcing insert 1s fixed to the body of the blade,
which can be a precision casting. The insert, which 1s
attached and fixed to a part of the body of the blade designed
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for this purpose, has a crude shape and must be machined to
the shape and to the profile of the turbine blade in the
vicinity of its leading edge.

After welding the reinforcing insert to the cast blank of
the turbine blade body, the molded blank of the blade body
1s finish machined and the insert 1s machined to shape.
Finally, hardening heat treatment 1s carried out to develop
the hardness and wear resistance characteristics of the insert.

However, the cast blank of the blade body has a shape
close to the final shape of the blade and in particular a
twisted and curved shape. The insert must have a profile
assuring continuity with the body of the blade in its area near
the leading edge. Because of the complex shape of the body
of the blade 1t can be very difficult to design and to make the
insert, which has a significant effect on the cost of bimetallic
turbine blades made by the above method.

SUMMARY OF THE INVENTION

It 1s an object of the invention to propose a method of
manufacturing a bimetallic turbine blade having a body
made of a first metallic material and an imsert made of a
second metallic material having a high resistance to wear,
from which at least a part of a leading edge of the blade 1s
made, the method enabling the bimetallic turbine blade to be
manufactured in a simple manner and at moderate cost.

To this end:

a receiving cavity having a simple geometrical shape 1s
machined in a metallic block having a simple geometri-
cal shape made of the first metallic material,

a member having a simple geometrical shape made of the
second material 1s made and fixed into the cavity to
produce a composite bimetallic block, and

the turbine blade 1s machined from the composite block,
the body of the blade being machined from the metallic
block made of the first material and the insert being
machined from the member of simple shape made of
the second material.

The member made of the second material can be prefab-
ricated and then welded into the cavaity.

The member made of the second material can instead be
made by depositing and solidifying a molten metal in the
cavity.

The metallic block made of the first material and the
metallic member made of the second material preferably
have a substantially parallelepiped shape.

BRIEF DESCRIPITION OF THE DRAWINGS

To explain the mvention clearly, a bimetallic steam tur-
bine blade and its manufacture by the method of the mven-
tion will now be described by way of example and with
reference to the accompanying drawings.

FIG. 1 1s a perspective view of a bimetallic steam turbine

blade.

FIG. 2 1s an elevation view of a composite metallic block
for making a bimetallic turbine blade by the method of the
invention.

FIG. 3 1s a plan view of the block shown 1n FIG. 2.

FIG. 4 1s an elevation view of a bimetallic blade made by
the method of the invention in the finished state.

FIG. § 1s a top plan view of the turbine blade in the
finished state shown 1n FIG. 4.

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 shows a steam turbine blade 1 that 1s preferably a
blade of the low-pressure stage of the turbine.
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The blade 1 has a root 2 having a profile enabling the
turbine blade 1 to be fixed to a low-pressure rotor of the
steam turbine and an aerofoil 3 attached to the root 2,
ogenerally unitary with the root 2, and having a complex,
curved and twisted shape.

The aerofoil portion 3 of the blade 1 has a leading edge
4 and a trailing edge 5 where the acrofoil part 3 of the blade
1 has a minimal thickness. Between the leading edge 4 and
the trailing edge 5, the cross-sections of the aerofoil part 3
of the blade have a tapered shape.

The turbine blade 1 shown 1n FIG. 1 1s a bimetallic blade

which includes an insert 6 constituting a portion of the
acrofoil part 3 of the blade 1 near its leading edge 4 and
extending radially in the outer part of the blade a certain
length along the leading edge.

The bimetallic blade 1 has a one-piece body comprising,
the root 2 and the aerofoil part 3 except for a recess 1n which

the msert 6 1s accommodated and the 1nsert accommodated
in the recess and attached to the body of the blade 1.

The body of the blade 1 1s made of a material appropriate
to 1ts use 1n the low-pressure stage of a steam turbine, for
example stainless steel containing 13% chromium.

The 1nsert 6 1s made of a hard material that 1s resistant to
wear, such as a cobalt-based alloy containing chromium and
tungsten, for example grade 6 or grade 12 Stellite.

In accordance with the invention, a bimetallic turbine
blade as shown 1n FIG. 1 can be made 1n a relatively simple
manner and at a moderate cost by the method of the
invention.

FIGS. 2 and 3 show a bimetallic composite metallic block
7 from which a bimetallic blade like that shown 1n FIG. 1
can be machined.

The bimetallic block 7 has a generally parallelepiped
shape.

In the method of the invention, to make the bimetallic
block 7, the first step 1s to machine a parallelepiped shape
block 8 made of a first metallic material that 1s a standard
material for manufacturing steam turbine blades. The start-
ing block 8 can be made of steel containing 13% chromium,
for example, and can be forged from a cast product such as
an 1ngot. The block 8 could equally well be cut out from a
half-finished product such as a rectangular section bar. The
block 8 1s machined to form a parallelepipedic shaped cavity
Y occupying one corner of the cross-section of the block 8
and extending in the direction of the height of the block 8
over a length substantially corresponding to the length of the
insert 6 to be made along the leading edge of the bimetallic
turbine blade being manufactured.

A parallelepipedic shaped member 10 1s then cut out from
a square section bar of a wear resistant material such as
Stellite 6 or 12. Its height 1s substantially equal to the height
of the cavity 9 m the block 8, and its section has dimensions
smaller than those of the cross-section of the cavity 9. More
ogenerally, the member 10 can be obtained by cutting a
constant profile product having any shape section.

The member 10 could also be made by casting or by
forging a block with the requisite dimensions.

The prefabricated member 10 made of the wear resistent
material 1s fitted 1nto the inside corner of the cavity 9 so as
to occupy all of i1ts height. Clamps hold the block 8 and the

member 10 1n contact 1n their assembled position, as shown
in FIGS. 2 and 3.

The assembly of the block 8 and the prefabricated mem-
ber 10 placed 1n the cavity 9 1s heated to a temperature 1n the
range 550° C. to 780° C., for example, using an OXy-
acetylene torch.
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The prefabricated member 10 and the block 8 are welded
together using a filler metal or brazed together by maintain-
ing the temperature of the parts to be jointed in the tem-
perature range from 550° C. to 720° C.

The bimetallic block 7 obtained 1n this way 1s allowed to
cool 1n arr.

The welded or brazed joint obtained 1s then inspected by
fluorescent dye penetration. The weld 1s repaired 1f neces-

sary.
The bimetallic assembly 1s then subjected to a quality heat

treatment (which modifies the characteristics of the material)
to relieve the stresses due to welding on the attached part.

The turbine blade 1s then machined from the bimetallic
block 7.

The contour of the bimetallic blade 1 machined from the

bimetallic block 7 1s shown 1n chain-dotted outline 1n FIGS.
2 and 3.

The body of the bimetallic blade 1 including the root 2
and the aerofoil part 3 of the blade, with the exception of the
msert, 1s machined from the metallic block 8 made of steel
containing 13% chromium.

The 1nsert 6 disposed along the leading edge 4 of the blade
1s machined from the attached member 10 made of wear
resistant alloy.

The turbine blade 1 1s machined from the bimetallic block
7 1n the same way as a standard single-metal metallic blade
1s machined from a homogeneous block.

The chain-dotted lines showing the contours of the blade
1 in FIGS. 2 and 3 show the machined surfaces of the blade
in a longitudinal plane and 1n a transverse plane, respec-
fively.

The metallic block 8 and the attached member 10 of
course have dimensions optimized relative to the dimensions
of the various parts of the bimetallic blade to be made in
order to limit the volumes of materials to be removed when
machining the bimetallic block. The cross-section of the
metallic block 8 substantially corresponds to the section of
the root of the blade to be made.

The machining of the bimetallic block includes a first
machining operation to form the blank of the aerofoil part 3
and a second, finish machining operation on the aerofoil part
3. The blank of the root 2 1s then machined and the root 2
1s then finish machined, for example by means of a grinding
operation.

As shown 1n FIGS. 4 and §, the finished blade 1 comprises
a body consisting of the root 2 and an aerofoil part 3 made

of stainless steel containing 13% chromium and an attached
stellite member 6 welded to the body of the blade 1.

The attached member 6 1s disposed 1n a part of the body
of the blade 1 near the leading edge 4, part of which 1is
machined 1n the attached member 6 and the remainder of
which 1s machined 1n the body of the blade 1.

The attached member 6 constituting a part of the leading
cdge preferably covers approximately two-thirds of the

leading edge 4 of the blade 1.

The bimetallic blade 1 as a whole has perfect cohesion
and the curved surfaces delimiting the aerofoil part includ-
ing the insert 6 are perfectly continuous because they are
machined 1n the bimetallic part 1n a similar manner to the
curved surfaces delimiting the aerofoil part of a single-metal
blade machined from a part of homogeneous composition.

Also, the metallic block and the attached member of the
bimetallic part having a simple geometrical shape can easily
be obtained by casting, forging or from semifinished prod-
ucts having the required shape and section.
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The attached member made of the second material can be
made by depositing and solidifying a molten metal 1n the
cavity of the metallic block made of the first material. The
metal can be deposited by any surfacing or welding process
involving fusion of a filler metal, such as the TIG process or
the powder sputtering process.

In all cases, and for example after machining the turbine
blade, 1t 1s possible to carry out a quality heat treatment to
relieve the stresses and to check the dimensions of the
machined turbine blade.

The metallic block consisting of the first material, the
attached member and the cavity for receiving that member
in the metallic block may have shapes other than a paral-
lelepiped shape.

In all cases, however, the metallic block, the attached
member and the cavity must have a simple geometrical
shape, generally a right prism shape, to facilitate forming or
making those members and assembling the bimetallic block.

The method of the mnvention 1s therefore entirely ditferent
from a method 1in which an attached member 1s fixed to a
turbine blade blank of complex shape. In the case of the
invention, the complex shape of the blade 1s obtained
directly by machining the bimetallic blade, using a machin-
ing method similar to machining a turbine blade from a part
of homogeneous composition.

The first material constituting the body of the turbine
blade and the second material constituting the insert rein-
forcing the leading edge of the blade may be materials other
than those indicated hereinabove by way of example.

For example, the body of the blade may be made from age
hardened stainless steel or a non-ferrous alloy such as
fitantum alloy.

The attached reinforcing member may be made from
stainless steel hardened by precipitation and/or containing
hardening alloying elements. More generally, any metallic
type material can be used that has a high resistance to wear,
for example materials with hardening substances dispersed
in a metallic matrix.

The 1nvention applies to the manufacture not only of
stcam turbine blades but also of blades for any rotating
machines such as gas turbines, compressors or pumps.

What 1s claimed 1s:

1. A method of manufacturing a bimetallic turbine blade
including a body made of a first metallic material and an
insert made of a second metallic material having a high
resistance to wear, from which at least a portion of a leading
edge of said blade 1s made, said method including the steps

of
(a) machining a receiving cavity having a simple geo-
metrical shape m a metallic block having a simple
geometrical shape made of said first metallic material;

(b) making a member having a simple geometrical shape
of said second material and fixing said member into
said cavity, to produce a composite bimetallic block;
and
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(¢) machining said turbine blade from said composite
block, a body of said blade being machined 1n said
metallic block made of said first material and said insert
being machined from said member of simple shape
made of said second material.

2. The method claimed 1n claim 1, wherein said member
made of said second material 1s prefabricated and then
welded 1nto said cavity.

3. The method claimed 1n claim 2, wherein said member
of simple geometrical shape made of said second material 1s
fixed 1nto said cavity of said metallic block made of said first
metallic material by welding with a filler metal or by
brazing.

4. The method claimed i claim 2, wherein, before
welding said member of simple geometrical shape made of
said second material 1into said cavity of said metallic block
made of said first material, said metallic block made of said
first material and said member made of said second material
are preheated.

S. The method claimed 1n claim 4, wherein said metallic
block and said member are preheated and welded at a
temperature in the range 550° C. to 780° C.

6. The method claimed 1 claim 2, wherein said prefab-
ricated member having a simple geometrical shape made of
said second material 1s obtained by cutting a constant profile
product such as a bar.

7. The method claimed m claim 2, wherein, after welding,
said member made of said second material into said cavity
in said metallic block made of said first material, a weld area
between said member made of said second material and said
metallic block made of said first material 1s inspected by dye
penetration and said weld 1s repaired if necessary.

8. The method claimed 1n claim 1, wherein said member
made of said second material 1s made by depositing and
solidifying a molten metal 1n said cavity.

9. The method claimed 1n claim 1, wherein said metallic
block made of said first metallic material, said member of
simple shape made of said second metallic material and said
cavity receiving said member have a substantially parallel-
epiped shape.

10. The method claimed 1n claim 1, wherein said metallic
block made of said first metallic material 1s forged.

11. The method claimed 1n claim 1, wherein said first
metallic material 1s stainless steel and said second metallic
material 1s a wear resistant cobalt alloy containing chro-
mium and tungsten.

12. The method claimed 1n claim 11, wherein said first
material 1s stainless steel containing 13% chromium and said
second material 1s grade 6 or grade 12 stellite.

13. The method claimed 1n claim 1, wherein after machin-
ing said turbine blade from said composite block a quality
heat treatment 1s carried out to relieve stresses and the
dimensions of the machined turbine blade are checked.
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